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@ Method and apparatus for creating a flowchart using a programmed computer which wOl 
automatically result in a structured program. 

@ The present invention relates to a method of 
creating a structured flowchart using a prog- 
rammable computer and a programmable oonv 
puter display such that any program created 
from the flowchart would be a structured prog- 
ram, the method including the steps of displays 
ing a predetermined set of basic flow forms on a 
first display area, providing a means t>y which a 
user can select two fk>w forms from the set of 
flow forms, combining the two selected flow 
forms by placing one of the flow fonms inside 
any statement box of another of the selected 
flow fomns to yield a new valid flow form ac- 
cording to infonmation provided by the user, 
and displaying the selected flow form and any 
new valid flow fonms in a second area on the 
display. An apparatus for assembling a flow- 
chart on a programmable computer display 'm 
also provided. 
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BACKGROUND 

Th present invention is directed to a niethod and 
apparatus for creating a structured computer pro- 
gram, that is, a method and apparatus for creating a 
flowchart using a programmed computer which will 
automatically result In a structured program. In par- 
ticular, the present invention relates to a method and 
apparatus for creating a flowchart such that any pro- 
gram code created from the flowchart will be a struc- 
tured program. 

There are numerous existing flowchart programs 
(see, for example, U.S. Patent Nos. 4,546,435, 
4,872,167, 4,852,047); however, none of the existing 
systems encourage, promote or require that the flow- 
charts which they create are structured according to 
the rigorous graphical notation used in the present irv- 
vention. Source code or flowcharts which are not 
structured are said to be a "can of womns" or "Spa- 
ghetti". There are degrees of "spaghetti" depending 
on the degree of deviation from pure structured flow- 
chart or code. Non-structured flowcharts (or code de- 
rived from non-structured flowcharts) are known to 
have wote errors and be more difficult to maintain 
than structured flowcharts or code. 

Companies that deliver products with embedded 
computers (such as the products that teleconnmuni- 
cation switching-equipment companies deliver) de- 
pend more and more heavily on software. This is be- 
cause the value added to the product, the software in- 
cluded, is becoming a larger and larger part of the irv 
vestment in the product The intelligence provided by 
the software is more and more valuable to the cus- 
tomer. 

Customere want products delivered ever faster. 
They want more intelligence in the products they t>uy. 
For systenns such as, for example, telephone 
switches, this means more features in the switch. The 
features requested and desired become more compli- 
cated each year. However, companies have often had 
great difficulty in delivering software with the desired 
functionality on time and with high quality. The conrv 
pany able to deliver high-quality software on tinne, 
with the desired functionality with have a tremendous 
competitive advantage over a company that is not 
able to do this. 

The larger the quantity of code in a product or pro- 
ject, the nrKMB important it is that the code be struc- 
tured. Structured code is also a very important conv 
ponent of the method to use to develop correct code. 
Code that is correct upon delivery is much less expen- 
sive overall to create than code that must be corrected 
after delivery. The software designer is perhaps the 
most scarce and xpensiv resource in this process 
of cod development The designer's time must be 
used in an effectiv way. The most effective way for 
a software design r to use his tim is to design and 
write structured code. This goal is difficult to achieve 



using toda/s software development tools, since it 
left to the design r to nsure that th flowchart or 
code h is developing is tructured. 

5 SUMMARY 

It is accordingly an object of the present invention 
to provide a software development tool that will en- 
able software designere to easily and efficiently de- 

10 velop structured software so as to achieve a better 
quality product, made less expensively. 

It is another object of the present invention to pro- 
vide a software development tool that will enable the 
development of software that is structured to enable 

15 the delivery of complex, software-intensive products 
on time and with higher quality. 

It is another object of the present invention to pro- 
vide a software development tool that will enable the 
software developed to have the properties necessary 

20 to help ensure profitability. 

According to one embodinrtent of the present in- 
vention, a method of creating a flowchart using a pro- 
grammable computer and a programmable computer 
display, such that any program created from the f low- 

25 chart would be a structured program, the method in- 
cluding the steps of displaying a predetermined set of 
basic flow forms on a first display area, providing a 
means by which a user can select two flow forms from 
the set of flow fomis, combining the two selected flow 

30 forms by placing one of the flow forms inside any 
statement box of another of the selected flow forms 
to yield a new valid flow form according to information 
provided by the user, and displaying the selected flow 
form and any new valid flow forms in a second area 

35 on the display. The t>asic flow fbnns are a statement 
box, a sequence of two statement boxes, iteration 
forms for FOR and WHILE statements, and alterna- 
tion forms including boolean forms for IF-THEN and 
IF-THEN-ELSE statements and CASE statements. 

40 According to an embodiment of the present in- 
vention, an apparatus is provided for assembling a 
flowchart on a programmable computer display in- 
cluding means fordisplaying on the screen a set of ba- 
sic flow form icons, each icon comprising at least one 

45 polygon having one input line and one output line, 
each icon having one input line and one output line, 
user input nneans for enabling a user to select at least 
one of the basic flow form icons, and means for dis- 
playing the selected icon on a different area of the 

50 screen in a position designated by the user. 

The apparatus according to one embodiment of 
the present invention further includes user input 
means for inputting text to be associated with the at 
least n polyg n in th at least one selected icon, 

55 and means for displaying the inputted text in an area 
adjacent th at least polygon in th at least on select- 
ed icon. 

Each icon in th apparatus according to one env 
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bodiment of the present invention includes a rectan- 
gular or square potyg nandth means for displaying 
th selected icon includes n^ns for combining two 
selected flow form icons, means for determining 
wh n the posit! n designated for displaying the se- 5 
lected icon by the user is correct according to prede- 
termined rules, and means for prohibiting operation of 
the means for displaying the selected icon responsive 
to a determination by the means for detenmining that 
the position designated is incorrect according to the io 
predetermined rules. 

According to an embodiment of the present in- 
vention, an apparatus is provided for assembling a 
flowchart on a computer display Including means for 
displaying in a first area of the display a predeter- is 
mined plurality of flowchart icons, each icon compris- 
ing at least one statement box, an input line and an 
output line, user input means fCN* indicating selection 
of one of the plurality of flowchart icons, user input 
means for indicating placement of the selected icon in 20 
a second area of the display, means for determining 
whether the indicated placement of the selected flow- 
chart icon satisfies predetenmined rules, the rules al- 
lowing for placement of one icon inside a statement 
box of another previously selected icon to form a new 25 
flowchart icon, allowing for placement of one icon in 
a head-to-tail relationship with another icon, allowing 
only downward flow of control within the flowchart, 
and prohibiting crossing of any flow line within the 
flowchart, and means for temporarily adding to the 30 
predetermined plurality of flowchart icons any new 
flowchart icon created by the user input means for in- 
dicating placement 

Still other objects, features and attendant advan- 
tages of the present invention will become apparent 35 
to those skilled in the art from a reading of the follow- 
ing detailed description of the embodiments con- 
structed in accordance therewith, taken in conjunc- 
tk>n with the accompanying drawings. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention of the present application will now 
be described in more detail with reference to the pre- 
ferred embodiments of the device, given only by way 45 
of example, and with reference to the accompanying 
drawings, in which: 

Fig. 1 is a schematic illustration of a computer 
system in which the present invention is imple- 
mented; 50 
Figs. 2A-2F illustrate the basic flow form icons 
used in a preferred embodiment of the present in- 
ventk)n; 

Figs. 3A-3E illustrate various flowcharts that can 

be created according to a preferred embodiment 55 

ofth present inv nti n; 

Figs. 4A-4E illustrate flowcharts of a preferred 
embodiment of the present inventk>n; and 



Fig. 5 is an exemplary schematic illustration of a 
display on which the user Interface according to 
a preferred mbodiment of the present inv nti n 
is displayed. 

DETAILED DESCRIPTION 

In this description, the word "structured" is used 
as an adjective to describe code or flowcharts which 
have particular and very precisely defined properties. 
When it is used as in the phrase 'please structure th» 
piece of code", it is a verb which indicates a partknilar 
action which is to be performed on the code or flow- 
chart 

Ail code which will compile without errors or as- 
semble without errors (in the case of assembly lan- 
guage) is "structured" in the sense that it is "organ- 
ized" at some level. If the code were not organized in 
the sense of meeting the syntactic rules of the lan- 
guage, then it would not compile or assemble. How- 
ever, that is not at all what is nr^nt by the word "struc- 
tured" in this application. The word "structured" as it 
is used herein has a precise definition which will be 
described further below. 

The program according to the present inventton. 
which has the novel attribute that it can require struc- 
tured flowcharts will, by virtue of the inherent prop- 
erties of structured flowcharts, increase the probabik 
Ity that the flowcharts, created by the use of it, will be 
more nearly correct Rowcharts or code dmived from 
them which are correct from the beginning are very 
economically advantageous. The present invention 
may save millions of dollars per year for those who 
employ it 

Figure 1 schen^tteally Illustrates an emtx>diment 
of the hardware which can be used to implement the 
present invention. A CPU 10 is provkled whbh exe- 
cutes the program code for implementing the present 
Invention, which is stored in ROM 30. There is also 
RAM 35 for storing temporary data. A display 15 is 
provided connected to the CPU on which the user in- 
terface of flowchart icons is dteplayed along with the 
display area in which the flowchart itself is created by 
the user. Keyboard 20 is provided for the user to input 
the commands to the computer program. A n[H>use 25 
may also be provided to allow additional user control, 
such as dick and drag moven^nt of the flowchart 
Icons provided according to the present inventk>n. 

There are six basic flow forms or flow form Icons 
that may be combined according to a set of rules to 
produce structured flowcharts according to a prefer- 
red embodiment of the present inventbn. These sbc 
basic flow forms are shown in Figures 2A through 2F 
discussed below. For pur()oses of this discussion, the 
terms "flow fonms" and "flow form icons" will be used 
Interchangeably. 

According to the pres nt invention, thre rules 
sh uld t>e followed in combination with the use of the 
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basic flow forms to force a structured program as fol- 
lows: 

1 . Select two flow fomi Icons from ttie set of valid 
flow form Icons. Choosing the same flow form 
icon twice count as selecting two flow form 5 
icons. Those two selections must be combined 
according to rule 2. 

2. The combinatorial rule: any valid flow form may 
be placed inside any statement box of another 
valid flow form. It is permissible to place a copy io 
ofaflowfbnfn icon inside one of its own statement 
boxes. 

3. Any flow form which has been derived accord- 
ing to the combinatorial rule is itself a valid flow 
form icon and may then be used as if it were one is 
of the six basic flow form icons. Program devel- 
opn^ent continues (if necessary) by returning to 
step 1 and selecting among the set (now possibly 
extended) of valid flow form icons. 

By definition, then, a structured flowchart ao- 20 
cording to the present invention is one which was (or 
could have been) created using the six basic flow 
form icons and following the above three rules. As a 
practical matter, the implementation of the program 
according to the present invention includes an excep- 25 
tion to the second rule which allows head-to-tail con- 
nection of two selected flow forms as opposed to in- 
serting one into a statement box of another. This is al- 
lowed because the implementation of the program ac- 
cording to the present invention is not required to 30 
work exactly according to the three rules. What it 
must do is yield results that could have been obtained 
by following the three rules. For example, to create a 
simple program with just three sequential statements, 
one could choose a sequence flow form (Figure 2B) 35 
and choose another sequence form and place it inside 
the second statement box of the first sequence flow 
form. When the combination formed is expanded, it 
results in a three statement sequence flow form. As 
a practical matter, rather than requiring the user of the 40 
present invention to choose that sequence of flow 
forms, one embodiment of the present invention (as 
shown in Figure 4D) allows the user to choose a single 
statement icon, followed by a sequence icon placed 
in a head-to-tail relationship to yield the same three 45 
statement sequence flow form. 

There are a number of rules and flow form icons 
or graphs which could be developed to implement and 
create a structured program. The set of rules and flow 
form icons that are listed above is not the only possi- so 
ble set 

In trying to establish a specific set of rules and 
flow forms, there is a t>alance which must be struck 
b tween the numb r of flow fomns and th number 
and complexity of the rules. According to the present 55 
inv ntbn, a system is being established that can be 
used to create any program whatsoever that can be 
writt n. This means that the rules have to be able to 
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cover progranr^s that are one lin 1 ngasw llasthose 
that ar 100 million lines long. In order to cov r ths 
range, the statement icon of Fig. 2A and sequence 
icon of Fig. 2B are both included in the set of valid flow 
forms according to a preferred embodiment f the 
present invention. 

For example, if a designer wishes to write a pro- 
gram which is exactly one line long and wishes to do 
it according to the rules of structured programming 
according to the present inventton, then the single 
statement flow form will be chosen twice and inserted 
into itself. Then the process stops. The program is 
written. It is structured because it has been written 
according to the rules. 

If either or both of the first two flow form icons 
were omitted, then the rules would have to beconDe 
more complicated in order to specify, according to an 
algorithm, how to structure code. Following these 
rules guarantees that the program that is produced 
will be structured. 

Within the scope of the invention, it is also possi- 
ble to define a slightly different set of flow forms and 
a slightly different set of rules and get the same re- 
sults. The rules, as they are described at)ove, allow 
the user to write a program (or subroutine) only one 
line long. (The user chooses the statement box flow 
form and puts it inside itself.) However, a special rule 
may be added that requires that if only one statement 
(flow form) is needed in the program, then the user 
can select the one desired flow form and then stop. 
The cost of this is the additk>n of the new rule, since 
there are still sbc basic flow forms and an addittonal 
rule. 

The rules given above are complete. If a program 
has been or could have been, constructed according 
to the three rules for structured coding in conjunction 
with the sbc basic flow form icons, then that program 
is structured. If a program (or flowchart) has been de- 
vised in such a way that it is not possible to re-create 
it by following the rules for structured code, then the 
program is not structured. 

Thus the standard for determining whether or not 
a program is structured is absolutely objective. No 
subjecth^e judgement is required. Thus, a computer 
program according to the present inventton is ideal for 
determining whether the program is structured. 

The sbc baste flow forms will now be discussed 
with reference to Figures 2A-2F. As the flow forms are 
displayed using the user interface portion of the pro- 
gram according to a preferred embodiment of the 
present invention, they are also referred to as icons. 

Figure 2A illustrates a statement icon and Figure 
2B illustrates a sequence icon according to a prefer- 
red embodim nt of the pres nt inv ntion. Figure 2C 
represents iteration forms for indicating FOR and 
WHILE languag constructs according to a preferred 
mbodim nt of the present invention. Figures 2D and 
2E illustrate one type of alternation form icons, and 
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in particular boolean form icons, representing the IF- 
THEN and IF-THEN-ELSE languag constructs ac- 
cording to a preferred embodim nt of the present in- 
vent! n. Figure 2F illustrates another type of alterna- 
tion form icon representing the CASE language con- s 
struct according to a preferred embodiment of the 
present invention. That is, depending on the results of 
the test specified in or adjacent to the dlanrK>nd, one 
of the paths is chosen from the set of paths in the flow 
form. 10 

Each icon consists of one or more polygons con- 
nected by input line I and an output line O. Each icon 
has only one input line I and one output line O. Each 
polygon in the icon also has only one input line and 
one output line. The output line for each icon is placed is 
directly below the input line for that icon. 

The FOR and WHILE statements both require a 
boolean expression within them to function; however, 
since the emphasis within these forms on looping 
rather than branching, they are referred to as iteration 20 
forms rather than boolean forms. 

A number of conventions are implemented in the 
program according to the present invention relating to 
the boolean flow forms, the IF-THEN and IF-THEN- 
ELSE boolean statements. In particular, the IF-THEN 25 
offers two paths. The TRUE side has a statement box 
whereas the FALSE side does not have a staten^nt 
box. This rule is built into the icon by the provision of 
the TRUE and FALSE labels within the icon. By def h 
nition, the IF-THEN does not have a statement box in 30 
the FALSE path. This convention has been establish- 
ed according to the present invention for flowcharts 
because this is a convention for source code. Part of 
the goal is to make the flowchart and source code 
alike. The IF-THEN statement in source code cannot, 35 
by definition, have a statement box for the FALSE 
path. 

If the user wishes to execute a statement box in 
the IF-THEN statement when the boolean expressk>n 
is false, then a NOT should be put in front of the boo- 40 
lean expresston. That will negate the expression. If 
the expression then evaluates to false, the NOT will 
make it true, and so the statement box of the IF-THEN 
will be executed when the inner boolean expression 
is false. Note that the boolean expression as a whole 45 
(including the NOT) should be true when the state- 
ment box is executed. 

As can be seen, the TRUE and FALSE alternative 
paths are not drawn coming out of the sides or bottom 
of the deciston diamond as was conventional practice 50 
in the past. This is because it ta often difficult to place 
the complete boolean expression inskie the decision 
diamond. There is plenty of room to place even a long 
boolean expressbn beside th decision diamond; 
howev r, this requires movement of the paths to just 55 
below th diamond itself. 

According to the present inv nti nan IF-THEN or 
IF-TM EN-ELSE is only used in conjunctton with a boo- 



lean expression. The boolean expression can nty 
evaluate to TRUE or FALSE. There are no alt rna- 
tiv 3. 

By convention according to th pres ntinv ntk>n, 
th TRUE branch is placed on the right side for both 
the IF-THEN and the IF-THEN-ELSE statements. 
This conventton is based on the feet that virtually ail 
languages are defined in such a manner that for IF- 
THEN-ELSE statements, if the boolean expression 
evaluates to TRUE, the first or top set of statements 
is executed. If the boolean expression evaluates to 
FALSE, then the second or bottom set of statements 
is executed. According to Western culture, top is as- 
sociated with right is associated with true. Similarly, 
bottom is associated with left is associated with false. 
Thus, the drawing conventton according to the pres- 
ent invention is an extension of architectural conven- 
tk>ns of computer languages in comblnatton with stan- 
dard cultural traditk)ns. 

In Figures 2D and 2E, the true-false lat>els are 
provided in the Icon according to a preferred embodi- 
ment of the present inventbn. The "IF boolean" ex- 
pressk>n is not; it is user-added using the program ac- 
cording to a preferred embodiment 

In the structured flowcharting technique imple- 
mented by the present invention, there can be no 
lines which flow upward. Since there are no lines that 
flow upward, that means that there is never any need 
to use arrows in the flow lines. All flow lines flow 
downwards. This convention reduces clutter in flow- 
charts. Since they are then cleaner, they are also eas- 
ier to read. There is never a need to look for arrows 
to indicate directton of flow. Another significant corv 
vention is that there is never any need for flow lines 
to cross one another in a structured f k>wchart 

In principle, off page connectors are not allowed 
in fk)wcharts developed according with the use of the 
method and apparatus according to the present in- 
vention. There are a number of exceptk>ns to this rule. 
Off page connectors are allowed in the case of the 
CASE statement that has such a large number of cas- 
es that the CASE statement runs off the page. 

When the flowchart is drawn describing a finite 
state machine (FSM), the state symbol behaves like 
a CASE statement Each signal that can be received 
within that state is anak>gous to a case in a CASE 
statement A state of this type is also called a "waif 
state. The wait state \s effectively acting as a signal 
reception point Off page connectors are allowed in 
the case of a state that has a large number of possible 
signals or events that can t>e received at that point It 
is considered within the skill of the ordinary artisan to 
use off page connectore in the implementatbn of the 
program according to a pref rred mbodinDent of th 
present inventton. 

Figure 3A illustrates how a fl wform icon can be 
placed inskie an appropriate statem ntboxofanoth r 
flow form icon. The resulting newly constructed valM 
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flow f rm is shown in Figure 3B, which illustrates an 
IF-THEN-ELSE flow form with an IF-THEN flow form 
Insid thestatem nt box on its TRUE side. This newly 
constructed valid flow form can th n be listed among 
the original six basic fl w forms icons. At this point, 5 
the newly constructed flow form may be combined 
with another flow form by placing the new flow form 
inside one of the other's statement boxes or some 
pre-existing flow form may be placed inside one of the 
new flow form statement boxes. Also, a newly con- io 
structed flow fbnfn can be duplicated and placed irv 
side one of its own statement boxes. According to the 
present invention, these constructed flow forms are 
temporarily stored in menru)ry and do not become part 
of the predetermined set of six basic icons. is 

This process of combining valid flow forms \s re- 
peated continuously by the user until the program he 
wants is finished. 

Figure 3C shows an IF-THEN icon placed inside 
a FOR loop. Inside the IF-TMEN statement there is a 20 
sequence of two statements, shown in Figure 3C as 
a statenrtent box and a signal sending statement box. 
The signal sending statement box is an example of an 
indivkjual, rectangular statement box changed to a 
special shape to represent a special type of state- 25 
ment TTiese special shapes may be implemented as 
the shapes typically used in known flowcharting tec^ 
nk)ues for statements such as sending output to a 
printer device, storing a value in memory, eta These 
special shapes do not affect the flow through a pro- 30 
gram, but are included to conform the program to re- 
quirements of the applteation. The choice of which of 
these special shapes are available is left to the ordi- 
nary artisan in possession of this disctosure. One enrv 
bodiment of the present invention, not shown in the 35 
drawings, is programmed such that after the user 
chooses one of the basic f k>w forms, he can then 
change a rectangular polygon in the form to one of the 
available special shapes. 

Figure 3D illustrates how CASE statements often 40 
must be handled. Very often the contents of each 
case must be reduced to a subroutine call in order to 
enable dear understanding of the functioning of the 
statement By the same token, the CASE statenient 
itself must very often be placed inskie a routine as the 45 
only statement in the body of the routine. This is quite 
often necessary in order to allow the code associated 
with a CASE statement and other closely related 
statements, outside the CASE statement, to fit to- 
gether on one page. 50 

When flowcharts are created according to the 
method described above, the flowchart results have 
certain emergent properties that are characteristic as 
illustrated in Figure 3E. 

First, the entry point at the top of the modut of 55 
cod drawn is always exactly at>ov th exit point at 
the bottom. Further, it is also possibi to draw a box 
around each area that used to be a statement box. Fi- 



nally , 1 f a box is drawn arou nd an area that used to be 
a statement box, that box will be intersected by only 
two lines, one at the top center and one directly t>e- 
neath the top line at bottom center. 

With respect to the case statem nt of Figure 2F, 
it is shown having only three options or three alterna- 
tive paths. In actual practice, case statement may 
have two or more alternative paths. According to a 
preferred embodiment of the present inventton, the 
user is prompted to allow him to specify the number 
of paths desired in the icon. 

As mentioned above, programs written using the 
flowchart according to the present invention require 
that the flowchart for any particular routine must be 
contained on one page. This is true except for the 
case situation In whtoh a case statenr^nt includes a 
list of alternatives which is too k)ng to be shown on 
only one page. To accomplish this, designers should 
start at the top and work down layer by layer, one at 
a time, until the final level of detail is reached. 

In order to satisfy the prohibition against page 
breaks, and thereby to create modular code, it is nec- 
essary to break a program down into levels. Each lev- 
el should be a module which is called by the preced- 
ing, or some other, level. 

The bask: rule for creating a level s that from the 
higher level, one should be able to see the outline of 
or references to the next tower level. For example, in 
the design of a ship, one can, in principle, see from 
the drawing of the ship as a whole, the set of decks 
of which the ship is comprised. Another example is 
that of the drawing of a building. From the drawing of 
the building as a whole, one can, in principle, see ap- 
proximately how many floors there are in the bui Iding. 

From the drawing of a spedf k: deck on a ship, 
one can see where each of the rooms on that deck will 
be. Likewise, from the drawing of a spedfk: floor plan 
within a building, one can see each of the rooms on 
that floor. From the drawing of the engine room on a 
ship, one can see the engine. From the drawing of an 
engine, one can see a piston. 

Hiis is a rule for design that has been worked out 
in practice over centuries of engineering. The bask: 
principle of hierarchies described here has been 
around formuch longerthan that, however. Engineere 
are simply imitating nature in following the practice of 
dfvkling systems into subsystems and then repeating 
this process the necessary number of times. 

It is absolutely commonplace to find an IF-THEN 
statement in a program (or flowchart) to be scattered 
across multiple sheets of paper or screens. A given 
subroutine (assuming that subroutines even exist in 
the program) ntay be scattered across a number of 
pages. This situation is so conun nplace that most 
designers do not even think of it as b ing wrong. It is 
assumed that it is a necessary part of th design of 
large progrants. It Is in fact absolutely not necessary. 
N t only is it not necessary, it is xtremely destruc- 
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tive. 

Programs should be designed as other objects of 
engineering practice. There should be n page that 
describes the program as a whol . For programs that 
are a sing! process and th process is not represent- 5 
ed by a finite state machine this is virtually always 
possible to do. 

For software units where there are multiple proc- 
esses, the rule can be modified to say that each proc- 
ess should be described on one page. If the process io 
is modeled as a finite state machine, then it is likely 
that even a high-level description (which actually 
makes some sense and does something) will not fit 
onto one page. In this case, each state of the finite 
state machine can be fitted onto one page (with oc- is 
casional excepttons allowed there also). The page- 
per-module rule can then be applied very rigidly after 
the state/event intersectk)n occurs. At that point, the 
software becomes completely kjentical with sequerv* 
tial (non-real-time) code from the point of view of en- 20 
gineering drawing approach. 

Whether this is source code or flowchart does not 
nnatter. This is how the principle of hierarchies or lay^ 
ers should be applied to software. 

This whole kiea often comes as a total shock 25 
when proposed to a software designer for the first 
tinrte. There is no reason, however, why software de- 
signers should have to fight with logical statements or 
signals or routines (in f k>w-chart or source-code form) 
that extend across multiple pages. All of the six basic 30 
flow forms should (wtth some exceptions for the 
CASE statenient) always appear on one page. An IF- 
THEN or IF-THEN-ELSE or WHILE or FOR statement 
should always start on one page and end on that 
same page. 35 

Following this rule alone will result in an invnedh 
ate increase in the quality of software. It is a rule of 
thumb in virtually all other engineering disciplines ex- 
cept software engineering. Folk>wing the "one-page 
rule" will autonnatically cause software designers to 40 
think in terms of layers, levels, or hierarchies. It will 
also automatically put a great deal of pressure to rep- 
resent the thing as a whole at the top level and put 
lower levels of detail at lower levels. That such a prac- 
tice, whk:h is at>solutely standard in all other engin- 45 
eering disciples, and yet is almost unheard of in soft- 
ware engineering, astonishing. 

A module of code should be no more than one 
page long. When it becomes more than one page 
long, it should be broken down into routines. 50 

Whatever can be put into a statement box (ac- 
cording to the rules for structuring) can be put into a 
routine. If the fragment of code cannot be surrounded 
by a statem nt box, th n the fragment of cod is not 
a candidate for being converted into a routin . 55 

G nerally,thereisnoconsideratbngiv nineith- 
r flowcharts or source cod to consid ring the pro- 
gram as a set of drawings. M reover, there is g ner- 



ally little or no considerati n given to considering a 
programasasetof modules. AnrKKJul asused herein 
is a subordinate piece of a program as a whole, such 
as process, routin ,subroutin , or procedure.) In the 
standard "stream" approach the program is treated as 
a monolithic whole without a breakdown into levels. 

The flow forms should never extend across nK>re 
than one page even if they do contain a long CASE 
statement If a CASE statement inskle another flow 
form will cause that flow form to extend across more 
than one page, then the CASE statement should be 
placed Inside a subroutine. The subroutine call that 
contains the CASE statement will only occupy one 
line of source code. The same principle also applies 
to flowcharts created according to the program of the 
present invention. This means that all executable 
code (except for indivkiual CASE statements or lists 
of signal reception points, that nr>ay be longer than 
one page) must be fitted into modules which are no 
longer than one page. 

Thus, the whole program is to be broken down 
into units that, with the exceptk>n of dedaratuns, lists 
of signal receptk>n points, and some long CASE 
statements, each fit onto one page. Thus the program 
becomes a set of short "programs". Each module is al- 
ways easy to understand by itself. It must be easy to 
understand by itself because it is so short that it fits 
on one page. In practice, this means that a nruxiuie 
will be no fonger than approximately thirty-three to 
fifty lines of code. Analogous requirements are 
placed on the flowcharts created according to the 
present inventk>n. 

The first priority of the designer must be to write 
a program that is correct All other conskierations 
must be secondary to this top priority. In order for a 
designer to be able to write a correct program, there 
must be organizatk>n and order in the code. In order 
to successfully employ the engineering drawing prin- 
ciple, the designer must make extensive use of rou- 
tines. 

The primary means of providing order in a pro- 
gram is to use structured code. The second most 
powerful means of providing order in a program is to 
apply the engineering drawing principle to structured 
code so that the nrKxJules will always be short 

Accordirig to preferred embodiments of the pres- 
ent inventbn, the use of the rules and the kx>ns de- 
scribed above can be implemented using a progranv- 
med computer of the type shown in Figure 1 . Figs. 4A 
through Fig. 4B illustrate exemplary flowcharts of 
software routines which may be implemented in order 
to create the program according to the present inven- 
tion. The coding of the program, the choice of the lan- 
guag and the computer system to b used is I ft to 
th discretk>nof the reader of this patent Th princi- 
ples of coding described above rriaybe impi m nted 
in the program according to th present inv ntionas 
desired using xpert system and oth r programming 
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techniques. It is considered within the skill of th or- 
dinary artisan to ImpI nnent and code th program ac- 
cording to the present invention once In possess! n f 
the present disclosure. 

Figure 4A illustrates th nrtainroutin .StepS300 5 
displays the predetermined set of flowchart icons in 
one area of the screen display. This display nnay con- 
sist of a windowing arrangement as currently used in 
many systems or a panel of predetermined icons, as 
shown in Fig. 5. Fig. 5 illustrates one exemplary dis- io 
play format that may serve as the user interface of the 
program according to an embodiment of the present 
Invention. The area 15a includes the six basic flow 
forms icons shown in Figs. 2A-2F. Area 15b is used 
as the area in which the flowchart created by the user is 
will be displayed. 

Step S31 0 is a user input routine which is entered 
whenever It is detected that the user has pressed a 
key or nrK>ved the mouse. 

Figure 4B illustrates the user input subroutine of 20 
step S31 0. A user Input step S320 detemnines wheth- 
er the user input is a selection of an icon. This seleo- 
tk>n may either occur by use of a nrK>us6, cursor keys, 
or touch pad mechanism, e.g., from area 15a. If icon 
has been selected, the program follows the true path 25 
to step S330 whteh is a user placement routine. This 
will be described below with reference to Figure 4C. 
If the test in step S320 results in a false evaluation, it 
is tested at step S340 whether it is a text entry. If so, 
the TRUE path is taken and the user is prompted to 30 
input text associated with a prevk>usiy selected kx>n. 
The text input by the user will be placed in the display 
area 15b adjacent the icon with which it is to be asso- 
ciated. This allows for greater readability, since the 
text may be larger than the polygon in the Icon. 35 

In conventbnal flowcharting programs, the user 
is given an opportunity to draw lines connecting vari- 
ous boxes. This is unnecessary In the program ac- 
cording to the present invention since the user place- 
ment routine allows icons to be placed either within a 4C 
statement box of an existing icon or directly below an 
existing icon where the input line of the second icon 
is connected to the output line of the first icon. Thus, 
the flow lines, flowing only downward, are created au- 
tomatically by the program according to the present 4S 
inventk3n based on the placement of the selected 
icon. 

Figure 4C illustrates the user placement routine 
according to the preferred embodiment of the present 
inventk)n. Step 8360 determines whether the icon se- so 
lected is the first icon to be placed in the display area 
15b. If so, it is unnecessary to check for appropriate 
placement of the icon, so the routine ends. If not, the 
routine ended. If s , the program enters the check 
rules routine at step S370. At the end of the check 55 
rules subroutin , at step S380, it is determined wh th- 
r or n t the flag is equal to on . This flag is us d by 
th check rules routine to signal that an error has oc- 



curred in the placement of th icon. If it is not equal 
to n , the error message routin is nt red. If it is 
equal to n , th user placement routin nds. 

Figure 4D illustrates th check rules routine. At 
step S395, a flag is equal to n . This flag signals 
whether or not the user has incorrectly placed an 
icon. Step S398 determines whether an icon has 
been moved to within a statement box. If so, at step 
S400, the newly created form is added to the avail- 
able bons that the user may select and stored In tenr>- 
porary memory. These newly created forms may be 
displayed in a separate area of the display (not 
shown) so that the user can have access to them us- 
ing the dick and drag mouse, the cursor keys, or 
touchpad noethod. 

If the answer at step S398 is false, it is assumed 
that the icon has been placed below the existing icons 
in the display. In this case, the input of the second 
kx>n is connected to the output of the first icon . At step 
S420, ft is determined whether any flow other than 
downward control is necessary, such as if the icon 
has not been placed below the existing kx)ns. If this 
is the case, at step S430, the flag is set to 2. If only 
directly downward control has been designated, it is 
determined at step S430 whether any of the lines of 
the different icons cross one another. If there is a 
crossing line, the flag is set, at step S440 equal to 
three. Then the routine ends. If no lines are found to 
be crossing, the routine ends. 

At step S380 in Figure 4C, if the flag is equal to 
two or three, the error message routine is entered at 
step S3d0 and display of the selected icon Is prohib- 
ited. 

The error nDossage routine is illustrated in Figure 
4E If the flag equals 2 at step S450, a particular error 
message is displayed indicating that only downward 
control is possit>le and the routine ends. If a flag 
equals three, at step S470, an error message is dis- 
played indicating that the lines are crossing which is 
improper and the user is requested to re-enter the 
position of the new Icon. 

The basic features of a software implementation 
of a preferred embodiment of the present inventton 
have been descnl>ed herein. It is understood that the 
mechanism by which the icons are displayed, moved, 
and otherwise manipulated is within the skill of the or- 
dinary artisan once in possession of the present dis- 
closure. 

An Meal situatton for flowcharts and codes would 
be to have a computer-aided software engineering 
(CASE) tool available which would allow the designer 
to work in either source-code or flow-chart medium 
according to the preferences of the designer with the 
demands of the situation. The design r could, for x- 
ampl , start out working in source cod to build up 
data types and other dedarati ns and then switch to 
flowchart for xecutablecod .As the designer would 
switch back and forth between flowchart and code. 
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the tool would automatically updat th other form. In 
thismann r.thefl wchart and source code would au- 
tomatically be maintained in parallel. This would n- 
sure that the flowchart and code would be Identical. 
The goat of having th flowchart represent th code 
at a "high level" could t>e achieved by having the code 
itself written in a hierarchlal orlayered nnanner. There- 
fore, although there would be flowcharts for even the 
smallest details of executable code, there would also 
be generated high-level flowcharts which would cor- 
respond to the higher layers of the source code. Even 
if such a tool were available (as far as is known to the 
inventor, no such practical tool exists today that 
meets exactly the requirements specified above), the 
present Inventbn would still be useful in that it would 
help the user of the tod to extract maximum possible 
benefit from the CASE tool. Very few languages force 
structured code, neither do any of the flowcharting 
tools in existence force structured flowcharts ("struc- 
tured" according to the definition herein). This means 
that even with modern tods and languages, it is still 
up to the designer to use self disdpline to devdop 
structured software products. 

The foregoing description of the spedf ic embodi- 
ments will so fully reveal the general nature of the in- 
vention that others can, by applying current knowl- 
edge, readily modify and/or adapt for various applica- 
tions such spedfic embodiments without departing 
from the generic concept and, therefore, such adap- 
tations and modif k:ations should and are intended to 
be comprehended within the nneaning and range of 
equivalents of the disdosed embodiments. It is to be 
understood that the phraseology of terminology enrv 
ployed herein is for the purpose of descriptk>n and not 
of limitatk>n. 



Claims 

1. A method of creating a flowchart using a pro- 
grammable computer and a display for the pro- 
grammable computer, such that any program cre- 
ated from the flowchart would be a structured 
program, the method comprising the steps of: 

displaying a predetermined set of basic 
flow forms on a first display area; 

provkling a means by which a user can se- 
led two flow forms from the set of flow forms; 

combining the two sdected flow forms to 
yidd a new valid flow form according to place- 
ment inf6rmatk>n provided by the user; and 

displaying the sdected flow fonm and any 
new valid flow forms in a second area on the dis- 
play. 

2. Th methodaccordingtodaimi, wherein the ba- 
sic flow fornts are a statem nt box, a sequ nee 
of two statement boxes, iteration fonms for FOR 



and WHILE staten^ents, alternatton fonnns indud- 
ing bodean fonnsf r IF-THEN and IF-THEN-EL- 
SE tatem nts and CASE statements. 

5 3. The method according to daim 1, wherein the 
step of combining comprises the steps of: 

determining if the placement information 
provkied by the user satisfies a predetermined 
plurality of rules; and 

10 if the Infonmation does not satisfy the pre- 

determined plurality of rules, displaying appropri- 
ate error messages. 

4. The method according to daim 3, wherein the 
15 predetermined plurality of rules require that one 

ofthetwo sdected flowforms is placed inside the 
other of the two sdeded flow form or one of the 
two selected f iowfbmis is placed in a head-to-tail 
relationship with the other of the two sdected 
20 flow form, only downward flow of control is re- 
quired within the f towchart, and no two lines con- 
necting flow forms cross one another. 

5. An apparatus for assembling a flowchart on a 
25 programmable computer display comprising: 

means for displaying on the screen a set of 
basic flow form icons, each icon comprising at 
least one pdygon having one input line and one 
output line, each kx>n having one input line and 
30 one output line; 

user input means for enabling a user to se- 
lect at least one of the basic flow fonm icons; and 

means for displaying the selected icon on 
a different area of the screen in a position desig- 
35 nated by the user. 

6. The apparatus according to daim 5, further conn- 
prising: 

user input means for inputting text to be 
40 associated with the at least one polygon in the at 
least one sdected kx>n; and 

means for displaying the inputted text in an 
area adjacent the at least pdygon in the at least 
one selected icon. 

45 

7. The apparatus according to daim 5, wherein the 
set of basic f tow fonm Icons comprises a state- 
ment box icon having one pdygon comprising 
one input line and one output line. 

50 

8. The apparatus according to claim 5, wherein the 
set of baste flow fonm icons comprises a se- 
quence icon comprising two polygons connected 
byalin , the sequ nee icon comprising n input 

55 into a first of the two polygons and on output 

coming from a second of th two pdygons. 

9. The apparatus according to claim 5, wherein th 
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set of basic flow form icons comprises an rtera- 
tion form icon for indicating FOR and WHILE lar>- 
guage constructs, the iteration form icon conv 
prising: 

a first six sided polygon comprising one In- 5 
put line; 

a four sided polygon connected to the first 
six-sided polygon by a line; and 

a second six sided polygon connected to 
the four sided polygon by a line and comprising io 
an output line. 

10. TTie apparatus according to daim 5, wherein the 
set of basic flow form icons comprises two alter- 
nation form icons, is 

a first alternation form icon for indicating 
an IF-THEN language construct having a dia- 
mond polygon comprising an input line and one 
output line, the output line having a false branch 
extending straight downward from the lowest cor- 20 
nerof thedianrand polygon and atrue branch ex- 
tending to the right of the diamond polygon and 
comprising a rectangular or square polygon hav- 
ing an output line connected to the false branch 
such that the first one of the boolean form icons 25 
comprises one input line and one output line; 

a second alternation form icon for Indicat- 
ing an IF-THEN-ELSE language construct hav- 
ing a dianriond polygon comprising one input line 
and one output line, said output line splitting to 30 
extend both to the right and left side of the dia- 
mond polygon, the right branch being the THEN 
path of the construct and the left branch being 
the ELSE path of the construct, each branch 
comprising a rectangular or square polygon hav- 35 
ing an output line which bends toward each other 
to meet and form a single output line of the sec- 
ond boolean fonn icon. 

11. The apparatus according to daim 5, wherein the 40 
set of basic flow form icons comprises an alter- 
nation form icon for indicating a CASE language 
construct, the alternation form icon comprising a 
diamond polygon having one input line and one 
output line, said output line splitting into a plural- 45 
ity of branches corresponding in numt>er to the 
number of possibilities In the CASE language 
construct, each branch comprising a rectangular 

or square polygon having an output lien which 
bends toward each other to meet and form a sin- so 
gle output line of the alternation form icon. 

12. The apparatus according to daim 5, wherein 
each icon comprises a rectangular or square 
polygon and the means for displaying the select- 55 
ed icon comprises: 

means for combining tw selected flow 
form icons; 



means for determining wh n the position 
designated for displaying th selected icon by the 
user is correct according to predetermined rule ; 
and 

means for prohibiting operation of th 
means for displaying the selected icon respon- 
sive to a determination by the means for deter- 
mining that the positbn designated is incorrect 
according to the predetermined rules. 

13, The apparatus according to daim 5, wherein the 
input line at a top point of the Icon appeare on the 
display directly above the output line at a bottom 
point of the icon. 

14. An apparatus for assembling a flowchart on a 
computer display comprising: 

means for displaying In a first area of the 
display a predetermined plurality of flowchart 
icons, each icon comprising at least one state- 
ment box, an input line and an output line; 

user input means for indicating selection 
of one of the plurality of flowchart icons; 

user input means for indicating placement 
of the selected icon in a second area of the dis- 
play; 

means for determining whether the indi- 
cated placement of the selected flowchart icon 
satisfies predetermined rules, the rules allowing 
for placement of one icon inside a statement box 
of another previously selected icon to form a new 
flowchart icon, allowing for placement of one icon 
in a head-to-tail relationship with another icon, al- 
lowing only downward flow of control within the 
flowchart, and prohibiting crossing of any flow 
line within the flowchart; and 

means for temporarily adding to the prede- 
termined plurality of flowchart icons any new 
flowchart icon created by the user input means 
for indicating placement 

15b The apparatus according to daim 14. further 
comprising: 

user input means for inputting text to be 
associated with the at least one polygon in the at 
least one selected icon; and 

means for displaying the Inputted text in an 
area adjacent the at least pdygon in the at least 
one selected icon. 

1 6. The apparatus according to claim 14, wherein the 
predetermined plurality of flowchart icons conv 
prises a statentent t>ox icon, a sequence icon 
comprising two connected tatement boxes, an 
iteration form icon for forming FOR and WHILE 
statement , alternation fomi icons for f rming IF- 
THEN and IF-THEN-ELSE statenients and for 
forming CASE statements. 
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